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INTRODUCTION
Biodiesel has similar characteristics to diesel fuel, but not made from mineral oil. It is made from vegetable oils or animal fats, be used as diesel fuel.
The use of biodiesel has several advantages over normal diesel, including: easily biodegradable and renewable, so it is an environmentally friendly fuel [1] with lower emissions of CO, CO2, soot particles and hydrocarbon [2] ; relatively high flash point (150 0 C) so safety in transport and storage [3] ;
Biodiesel is better than diesel because it has low in sulfur content, aromatics and a high cetane number [4] .
There are three basic methods to biodiesel production: micro-emulsion, pyrolysis (thermal cracking) and transesterification. In particular, the best evaluation is for transesterification because the characteristics of this product are suitable for diesel engines [5] .
The transesterification process is the reaction of a triglyceride (fat/oil) with an alcohol to form esters fatty acids and glycerol [5] . This reaction can be carried out with catalyst or not catalyst. When don't use catalyst, the reaction can be carried out by supercritical method [6, 7] , or Biox Co-solvent Process. Alkaline [8] and acid [9, 10, 11] or enzyme [5] are the catalysts that can be used in transesterification. However, alkaline is more effective than acid in a short time, low reaction temperature. Alkaline can be used with little dosage and it rarely make dark products. Enzyme is too expensive to use for industrialization [5] .
There are three kinds of alkaline catalysts: alkaline metals, alkaline oxide or hydroxide. The reaction mechanism for alkaline-catalyzed transesterification was formulated in three steps. The first step is the reaction of the base with the alcohol, producing an alkoxide and the protonated catalyst. The nucleophilic attack of the alkoxide at the carbonyl group of the triglyceride generates a tetrahedral intermediate from which the alkyl ester and the corresponding anion of the diglyceride are formed (Step 2). The latter deprotonates the catalyst, thus regenerating the active species, which is now able to react with a second molecule of the alcohol, starting another catalytic cycle. Diglycerides and monoglycerides are converted by the same mechanism to a mixture of alkyl esters and glycerol.
In general, alkaline-catalyzed transesterification processes are carried out at low temperatures and pressures (333-338 o K and 1.4 -4.2 bar) with low catalyst concentrations (0.5-2 wt.%) [12] . Alkaline metal alkoxides are the most active catalysts because they give very high yield (> 98%) in short reaction time (30 min) even if they are applied at low molar concentrations (0.5 mol%). However, they require the absence of water so they are inappropriate in industrial processes [13] . Alkaline metal hydroxides (KOH and NaOH) are cheaper than metal alkoxides, but less active. Nevertheless, they can higher response performance by increasing the catalyst concentration to 1 or 2 mol% [13] . Reaction conditions reported in the literature using alkaline catalysts are summarized in Table 1 . In most cases, biodiesel production involves the use of methanol and alkaline catalysts. These low cost oils and fats are that they often contain large amounts of free fatty acids that cannot be converted to biodiesel using alkaline catalyst. [14] . 
MATERIALS AND METHODS

Materials
Grease was taken from grease trap in the water treatment plant of Park Hyatt Saigon hotel. NaOH (96%), MeOH (90%); Na2SO4 (96%) and acetic acid were used as the main reaction chemicals.
2.2.Experimental set-up and reactor operation
To achieve purpose of this study, the experiment was conducted as the follows: The reaction time was 60, 90 and 120 minutes; the catalyst dosage (NaOH) ranged of 2 to 6 g; volume MeOH ranged of 400 to 700 mL. The
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reaction temperature was 60 0 C. The experiments described in Table 2 . The experiments 2 and 3 were similar to the experiment 1 with the reaction time of 90 minutes and 120 minutes.
Operation of transesterification process: 100 mL grease was taken into flask, heated to 60 0 C, added mixture of MeOH and NaOH, agitated continuously, and maintained temperature at 60 0 C for 60, 90 and 120 minutes.
After the reaction ends, product was poured into the separator and settled for 3 hours. The mixture was separated into two phases: ME was pale yellow liquid above, the glycerol was the darker colored liquid on the bottom. The light phase was extracted, neutralized acetic acid and settled for 1
hour. The product after settling was cleaned in warm water and then settle for 30 minutes. Then, the product was dried adding Na2SO4, used filter paper to separate salt and obtain biodiesel. Washing water and residual MeOH was taken into flask, heated to 65 0 C ÷ 75 0 C to recovery
MeOH.
Biodiesel processing equipment is illustrated in the Fig 1. 
Analysis materials
Biodiesel samples were analyzed at The Technical Center Standards Measurement Quality 3. 
RESULTS AND DISCUSSION
The important parameters that influence the production of biodiesel are catalyst dosage, ratio MeOH : grease, reaction time, etc. Experiments were conducted with different sets of parameter values. From survey results, the optimum condition for biodiesel production will be established.
Survey of optimum catalyst dosage (NaOH)
The transesterification reaction requires a catalyst in order to achieve reasonable rates. The effect of catalyst dosage on the reaction efficiency was investigated using NaOH as a catalyst with dosages changing from 2 to 6 grams.
The study results in Figure 2 , 3 and 4 indicate that when increasing catalyst dosage from 2 to 4 grams, the reaction efficiency increased and achieved the highest value at the dose of 4 grams for all experiments. In case of increasing the catalyst dosage above 4 grams, the efficiency reduced because soap formation occurred and tended to increase with higher quantity of catalyst and also backward reaction was favored at thus condition. In addition, according to F. Ma, L. D. Clements, M. A. Hann [22] , if more free fatty acids and water exist in the reactants, more NaOH is needed to neutralize the free fatty acids and react with triglycerides to produce soap [22] . [23, 24] . It was clear that optimum catalyst dosage (NaOH) was 4 grams.
Survey of optimum ratio of MeOH : grease
Increasing ratio of MeOH: grease had a positive effect on the reaction yield as it helped to drive the reaction equilibrium forward. The efficiency increased with an increase ratio of MeOH : grease from 4:1 to 5:1 but decreased when ratio increased from 5:1 to 7:1 in Fig 2, 3  and 4 . Transesterification is an equilibrium reaction in which a large excess of MeOH is required to drive the reaction to the right. The high molar ratio of MeOH : grease interfered with the separation of glycerin because there was an increase in solubility. When glycerin remained in solution, it helped drive the equilibrium to back to the left, lowering the efficiency of esters. After the reaction, residual MeOH created the hydrogen bond with ME and glycerin. When the volume of the hydrogen bond was too large, it caused the phenomenon of emulsion in product. This phenomenon was difficult for separation and cleaning of product, so the efficiency of biodiesel decreased. Fig 2, 3 and 4 showed the optimum ratio of MeOH : grease was 5:1. This result was different compared to report of Dr. Lima Rose Miranda (the optimum ratio of 6:1 MeOH:grease [25] ). 
Survey of optimum reaction time
Effect of reaction time on the efficiency of biodiesel is showed Fig 5. From 60 to 90 minutes, the efficiency of biodiesel increased and achieved the highest value of 90 minutes. When the reaction time was more than 90 minutes, the efficiency decreased because long reaction time at high temperature (60 0 C) nearby the boiling point of methanol, so methanol could be easily undergone some loss [27] . In addition, the side effects (saponification or esterification) occurred strongly. The transesterification reaction is reversible. With residual MeOH, the reaction occurred according to the straight direction of motion in a certain period of time and the excess reaction time could not promote the conversion but favored the reverse reaction of transesterification, causing a reduction in the product yield. Similar result was observed by Leung and Guo [26] . It is clear that the optimum reaction time was 90 minutes with the efficiency of 81%. Similar reaction time has been reported in Viet Nam (Le Thi Thanh Huong et al) [27] 
Characteristics of biodiesel
Biodiesel product was analyzed at quality assurance and testing center 3 (quatest 3).
The analysis results show in Table 3 
CONCLUSION
Biodiesel production from waste grease by transesterification with catalyst NaOH is cheap, safe and high in yield. Results of the study clearly demonstrate that the use of waste grease is very suitable as low cost feed stocks for biodiesel production. The optimum reaction conditions were determined the reaction time 90 minutes, catalyst dosage of 4 g, ratio of 5:1 MeOH : grease; the efficiency for biodiesel was 80 % and 20% for crude glycerin. Biodiesel is a new alternative transportation fuel, whereby reduce the amount of grease discharged to the environment and also to reduce the imported fuel oil, and bring economic benefit. However, more research is needed to improve the quality of biodiesel. 
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